The relative usefulness of two digit span (DS) variables in detecting negative response bias, as defined by below cut-off performance on the Test of Memory Malingering (TOMM), was examined among primarily middle-aged military veteran outpatients who were judged clinically to be at increased risk for displaying negative response bias on cognitive testing. Digit span variables included DS Age Scaled Score (DS Age SS) and Reliable DS. Findings from this retrospective data analysis (N ¼ 46) suggest that DS Age SS is preferable for use over Reliable DS in predicting TOMM failure. Results of the current study suggest that, particularly if the Wechsler scales are an existing part of the neuropsychological assessment, examination of DS Age SS is an efficient means of detecting negative response bias.
Introduction
In the last decade or so, there has been a surge of interest in developing stand-alone measures used to detect negative response bias on neuropsychological testing. Accompanying this interest has been a corollary push to identify validity checks that are embedded in already existing neuropsychological instruments. Some authors have argued that the utilization of such embedded indicators may not only be more efficient and less costly than the use of stand-alone measures, but may also be potentially more valid (for review, see Meyers & Volbrecht, 2003) . Specifically, embedded symptom validity tests may be more sensitive to malingering because persons who malinger do not necessarily do so consistently across the test battery (Meyers & Volbrecht, 2003) . Instead, they may choose to feign one type of impairment or another. Thus, persons feigning different types of cognitive impairment (i.e., impaired fine motor skill versus attention deficits) may be better identified by techniques specific to the nature of the alleged dysfunction rather than by one global measure of malingering, most of which focus on memory skills.
Because basic measures of attention have been shown to be relatively insensitive to severe neurological injury (Baddeley & Warrington, 1970; Butters & Cermak, 1980; Cermak & Butters, 1972; Warrington & Weizkrantz, 1973 ; for review, see Suhr & Barrash, 2007) , they are a focus of considerable interest as potentially useful malingering detection measures. Reliable DS appears to be the most well researched of these attention measures. Reliable DS was introduced by Greiffenstein, Baker and Gola (1994) and is calculated by summing the longest string of digits repeated without error over two trials under both forward and backward conditions of the DS task. Reliable DS was originally derived from the Wechsler Adult Intelligence Scale -Revised (Wechsler, 1981) , but it is also easily calculable from the Wechsler Adult Intelligence Scale -Third Edition (WAIS-III; Wechsler, 1997a) , the Wechsler Memory Scale -Third Edition (WMS-III; Wechsler, 1997b) , and the Wechsler Adult Intelligence Scale -Fourth Edition (WAIS-IV; Wechsler, 2008) .
A review of the literature shows that the use of Reliable DS has resulted in sensitivities ranging from .27 to .89 and specificities ranging from .57 to 1.0 (Table 1) . Perhaps in light of the widely varying sensitivities and specificities, recent research has examined the relative usefulness of other DS variables in predicting malingering. Specifically, a few recently published studies have included a comparison of the relative usefulness of Reliable DS and DS Age Scaled Score (DS Age SS) in predicting negative response bias (Table 1) . Results of these studies have generally shown that, when using the traditional cut-offs on these variables, Reliable DS appears to be more sensitive (sensitivities ranging from .54 to .65) to negative response bias than DS Age SS (sensitivities ranging from .36 to .42); however, there is a negative trade-off in terms of specificity. That is, Reliable DS tends to produce more false-positive errors (specificity ranging from .77 to .89) than does DS Age SS (specificities ranging from .92 to .93) (Babikian, Boone & Arnold, 2006; Greve et al., 2007; Heinly, Greve, Bianchini, Love & Brennan, 2005) . Corresponding positive predictive values (PPVs) for DS Age SS ranged from 0.69 to 1.0, whereas PPVs for Reliable DS ranged from .58 to 1.0 (Table 1) . Negative predictive values (NPVs) for DS Age SS ranged from .68 to .94, whereas NPVs for Reliable DS are slightly lower, ranging from .66 to .90 (Table 1) . The association between Reliable DS and excessive false positive errors is a concern because mislabeling patients/forensic clients/veteran compensation and pension candidates as displaying negative response bias can be associated with negative emotional, reputational, and, sometimes, financial consequences for them.
Although research seems to suggest that DS Age SS may be a more specific predictor of negative response bias than Reliable DS, unlike Reliable DS, DS Age SS does not seem to be enjoying widespread use among neuropsychologists. In fact, while a recent survey addressing practices of fellows and professional members of the National Academy of Neuropsychology did not include DS Age SS as one of the 29 measures used by neuropsychologists to assess effort, results of the survey showed that Reliable DS, on the other hand, was the sixth most-often "Always" used measure. Specifically, the neuropsychologists ranked their use of Reliable DS as: Always 13.0%, Often 25.0%, Rarely 24.5%, and never 37.5% (Sharland & Gfeller, 2007) .
Because it is likely that many clinicians are unaware of the research supporting the use of DS Age SS over Reliable DS in measuring effort, we hope to provide additional exposure and support for the use the former by cross-validating its utility in the veteran population. Specifically, it was the aim of the present study to compare the relative usefulness of DS Age SS and Reliable DS in predicting failure on the Test of Memory Malingering (TOMM; Tombaugh, 1996) among a group of middle-aged veterans judged to be at an increased risk of displaying negative response bias by the evaluating clinician. It was hypothesized that DS Age SS would be a better predictor of TOMM failure than Reliable DS.
Materials and Methods

Participants
Data were collected from the files of 46 outpatients who were referred to the lead author (K.W.) for neuropsychological testing within a 19-month period at a Department of Veterans Affairs (VA) Medical Center. Referral sources included the Psychiatry Ambulatory Care Clinic, primary medical clinics, and the neurology clinic. No patients were diagnosed with mental retardation. Consecutive referrals were reviewed for cases that were administered both the TOMM and DS of the WAIS-III as part of the clinical neuropsychological evaluation.
Consistent with the current practice recommendations (Bush et al., 2005) and assessment guidelines (Slick, Sherman & Iverson, 1999) , symptom validity was clinically evaluated in these patients with consideration to evidence provided by the referral context, clinical interview, behavioral observations during test administration, and performance on measures of examinee effort. Not all patients seen by K.W. are routinely administered tests of effort. For example, typically patients who have an incentive to perform well on testing are typically not administered tests of effort. These patients include those who are being tested for capacity to manage their own funds, suitability for penile implants, suitability for organ transplants and so forth. The reasons for administering effort testing to patients in the present study were often multi-factorial and included self-reported cognitive deficits in a relatively young person (i.e., under the age of 65) who was free of major medical or neurological illness that produced symptoms obvious to the observer; the observation of multiple requests for compensation and pension evaluations in the patient's medical record; referring diagnosis of mild traumatic brain injury, somatization disorder, or toxic exposure; observation of inconsistent self-reports concerning illness or injury in the patient's medical record; and/or suspicions regarding symptom exaggeration as noted by other clinicians. It should be noted that, in the present study, all patients were primarily referred for neuropsychological evaluation to assess the potential presence of cognitive dysfunction, not primarily to assess for the presence of psychiatric disorder. At the time of this study, participants' medical records were retrospectively reviewed and they were categorized into groups according to whether or not they passed (n ¼ 26, 56.5% of total sample) or failed (n ¼ 20, 43.5% of total sample) the TOMM. Patient demographic and diagnostic information is listed in Table 2 . In both the Pass TOMM (26.9%) and Fail TOMM (30.0%) groups, approximately one-third of patients were referred with symptoms of traumatic brain injury; judging by their self-reports, most of these patients reported brain injuries would have fallen within the "mild traumatic brain injury" or lesser "possible traumatic brain injury" range (100% in the Fail TOMM group, 57% in the Pass TOMM group) (Malec, Brown, Leibson, Flaada & Mandrekar, 2007) .
The majority of patients in both the Pass TOMM (73.1%) and Fail TOMM (70.0%) groups were referred with memory complaints, and, even though they may have had a neurological and/or psychiatric diagnosis associated with potential brain dysfunction, they had no signs of neurological dysfunction that were obvious to the observer. In the Pass TOMM group, 50% (n ¼ 13/26) of patients had both a neurological and psychiatric diagnosis, 15% (n ¼ 4/26) had only a psychiatric diagnosis (n ¼ 3 depression and/or anxiety, n ¼ 1 schizoaffective disorder), and 8% (n ¼ 2/26) had only a neurological diagnosis, specifically, coronary artery disease. In patients with both a neurological and psychiatric condition in the Pass TOMM group (n ¼ 13/26), the most common neurological condition was hypertension (n ¼ 7/13), while the most common psychiatric condition was depression and/or anxiety (n ¼ 11/13).
In the Fail TOMM group, 40% (n ¼ 8/20) of patients had both a neurological and a psychiatric diagnosis, 25% (n ¼ 5/20) had only a psychiatric diagnosis (n ¼ 5 depression and/or anxiety, n ¼ 3 post-traumatic stress disorder) and 5% (n ¼ 1/20) had only a neurological diagnosis, specifically, small vessel ischemic disease. The most common neurological conditions in persons with both neurological and psychiatric diagnoses in the Fail TOMM group (n ¼ 8/20) were hypertension (n ¼ 2/8) and transient ischemic attack/minor stroke (n ¼ 2/8), while the most common psychiatric condition in this group was depression and/or anxiety (n ¼ 6/8).
Measures and Procedures
The TOMM (Tombaugh, 1996) was administered according to standardized instructions by a testing technician in concert with other selected neuropsychological tests. The TOMM has been validated using numerous populations, including neurological patients, community dwelling geriatrics individuals, college student normal controls and simulators, persons simulating traumatic brain injury, actual brain injury litigants, and persons with depression (Ashendorf, Constantinou & McCaffrey, 2004; Rees, Tombaugh, Gansler & Moczynski, 1998; Tombaugh, 1997) . Scores less than the specified cut-offs on any trial of the TOMM raise doubt about the validity of the test-taker's performance. The TOMM is often perceived as being a harder task than it actually is; thus, individuals motivated to exaggerate impairments often perform worse than normative data predict. In the present study, as suggested in the test manual, patients were considered to have failed the TOMM if they performed less than chance on Trial 1 or below the cut-off listed in the test manual on either Trial 2 or the Retention Trial. In the present sample, 20% (n ¼ 4/20) of the individuals in the group who failed the TOMM performed below chance on Trial 1; all of these individuals also failed Trial 2 and the Retention Trial of the TOMM. Eighty percent (n ¼ 16/20) of participants in the group who failed the TOMM performed below the cut-off on Trial 2. Nearly all individuals who performed below the cut-off on Trial 2 also performed below the cut-off on the retention trial; there were two exceptions, including one individual who performed below cut-off on Trial 2, but passed the Retention Trial and one individual who performed below the cut-off on Trial 2, but was inadvertently not administered the Retention Trial. Ninety percent (n ¼ 18/20) of individuals who failed the TOMM performed below the cut-off on the Retention Trial. Four of the 18 individuals who performed below cut-off on the Retention Trial performed within normal limits on Trials 1 and 2 of the TOMM.
The DS subtest of the Wechsler Adult Intelligence Scale-III (WAIS-III; Wechsler, 1997a Wechsler, , 1997b ) was administered to all study participants as a part of their routine clinical care. Administration followed instructions specified in the test manual. From each participant's performance on DS, two scores were derived. These scores were DS Age SS and Reliable DS: DS Age SS was computed by summing the participant's scores on all forward and backward trials of DS and then extracting the corresponding DS Age SS from the tables provided in the test manual. Reliable DS, introduced by Greiffenstein and colleagues (1994) , represents the sum of the longest string of digits repeated without error over two trials under both forward and backward conditions. For example, a participant who passed both trials of four digits forward, passed both trials of three digits backward, but failed one trial each of five digits forward and four digits backward, would receive a Reliable DS score of 7.
Statistical Analyses
Except where indicated, statistical analyses were calculated using SPSS (version 10.1, Chicago, IL). Initial analyses consisted of conducting-independent t-tests to compare group differences in age, education, DS Age SS, and Reliable DS among persons either failing or passing the TOMM. Alpha was set at 0.05 for this and all other analyses. Cohen's d effect sizes, along with 95% confidence intervals (CIs), for these group differences were calculated using a computerized program provided by Devilly (2004) . The aforementioned analyses all focused on a dichotomous distinction between groups (i.e., TOMM pass or fail). Given the additional variability inherent in continuous TOMM scores, an alternative view of the relationship between the TOMM and the DS variables was created by computing two-tailed Spearman's rho correlations between all trials on the TOMM and the DS variables. Spearman's rho correlations were used in place of Pearson's correlations due to the fact that TOMM scores were not normally distributed. Two-tailed Pearson correlations were computed to examine the relationship between age and the various DS variables.
A receiver operating characteristic (ROC) curve analysis was used to evaluate the usefulness of DS scores in predicting TOMM failure. As part of the ROC analysis, the respective sensitivity and specificity of Reliable DS and DS Age SS at various cut-offs was examined. In the present study, sensitivity was calculated by dividing the number of individuals who failed both the TOMM and the specific DS variable under consideration by the total number of individuals who failed the TOMM. Specificity, on the other hand, was calculated by dividing the number of individuals who passed both the TOMM and the specific DS variable under consideration by the total number of individuals who passed the TOMM.
Following the ROC analysis, PPVs and NPVs were calculated using the formulas presented in O' Bryant and Lucas (2006) . In the present study, PPV refers to the likelihood that a patient failed the TOMM, given that they failed a specific DS variable. Negative predictive value refers to the likelihood that a patient passed the TOMM, given that they passed a specific DS variable. An estimated base rate of the condition in question (in this case, negative response bias as evidenced by TOMM failure) is needed to calculate PPV and NPV. The decision was made to use a relatively high base rate (41%) for several reasons. The first reason was that, at the time of their clinical evaluation, participants in the present study were judged to be at an elevated risk of displaying negative response bias for a variety of reasons that were discussed in the Participants section. The second reason was that 22% of the participants were referred with self-reported mild head injury, which is a diagnosis estimated by the American Board of Clinical Neuropsychology membership to be associated with a 41% probability of malingering or symptom exaggeration in persons in litigation or compensation-seeking status (Mittenberg, Patton, Canyock & Condit, 2002) . Finally, the third reason is a relatively high base rate was chosen was that, in the veteran population, monetary gain in the form of monthly compensation is possible if the veteran (a) is at least 10% disabled as a result of military service and/or (b) served during a time of war, has limited income, and is deemed "permanently and totally disabled" or is at least 65 years old (Veterans Benefits Administration, 2006) .
Results
Group Differences (as Shown by T-Tests and Effect Sizes) and Pearson Correlations
In terms of age and education, results of the t-tests showed that there were no significant differences between the group who passed the TOMM (N ¼ 26) and the group who failed the TOMM (N ¼ 20) (Table 2 ). In terms of performance on DS Age SS, there was a significant difference between the group who passed versus the group who failed the TOMM (Table 3 ). The effect size for this group difference is considered large (Lipsey, 1990) and was .80. There was a trend for group differences on Reliable DS, p , .10. As expected, persons failing the TOMM scored lower, indicating more negative response bias, than those passing the TOMM on both DS Age SS and Reliable DS. Results of Spearman's rho correlations showed that, although DS Age SS and Reliable DS were significantly correlated with all trials of the TOMM, DS Age SS score showed the highest correlations (Table 4) . With regard to the relationship between age and DS variables, Reliable DS was significantly correlated with age, r ¼ 2.30, p , .05, while DS Age SS was not, r ¼ 2.23, p ¼ .13.
Receiver operating characteristic, Sensitivity, Specificity, and Predictive Power Analyses
As shown by the ROC analysis, the area under the curve of .71 (95% CI .56 to .86) suggests that the predictive information captured by the DS Age SS was reasonably good and higher than Reliable DS. Using the DS Age SS of 7, suggested by Axelrod, Fitchenberg, Millis and Wertheimer (2006) , resulted in a low specificity of .77, but acceptable sensitivity of .50 (Table 5) . A more reasonable false-positive rate (.04) was found when using a slightly lower cut-off score of Table 3 . Group differences in digit span scores among groups passing and failing TOMM 6 (specificity ¼ .96). Using a cut-off of 6, only one participant passed the TOMM, but failed DS Age SS; at the conclusion of testing, that participant was diagnosed with mild cognitive impairment. At the cut-off score of 6, the sensitivity of DS Age SS was considerably lower (sensitivity ¼ .35) than at a cut-off score of 7 (sensitivity ¼ .50), but was roughly similar to that found by Axelrod and colleagues (2006) , who reported sensitivity value of .36 and a specificity value of .97 when using an even slightly lower cut-off score of 5 in their samples. In the present study, using a cut-off of 6 on DS Age SS and base rate of .41 for negative response bias resulted in a PPV of .86 and a NPV of .68 (Table 5 ). See Table 6 for failure rates on the TOMM and DS variables among the various study groups.
Discussion
Findings of the current study provide evidence for the superiority of DS Age SS over Reliable DS in predicting symptom validity test failure among a group of primarily middle-aged outpatient military veterans who were judged clinically to be at increased risk for displaying negative response bias. When DS Age SS and Reliable DS were compared between the groups who failed versus passed the TOMM, only scores on DS Age SS were significantly different between groups. There were trends for significant differences in means of groups on Reliable DS. As expected, the group who failed the TOMM scored lower than the group who passed the TOMM on both DS Age SS and Reliable DS. The DS Age SS demonstrated the largest effect size (d ¼ .80) between groups and was the most highly correlated with performances on the various trials of the TOMM. Whereas DS Age SS was not significantly correlated with age, Reliable DS was; as age increased, Reliable DS scores decreased.
Receiver operating characteristic curve analysis suggested that a DS Age SS cut-off of 6 minimized false positives (specificity ¼ .96), while retaining a reasonable sensitivity of .35 and a specificity of .96, both of which are fairly typical in the practice of symptom validity testing. These data suggest that, in terms of PPV, using a DS Age SS cut-off of 6 and a negative response bias base rate of .41, a clinician would have an 86% probability of being correct in suspecting a patient of TOMM failure given a below cut-off performance on DS Age SS. In terms of NPV, the same clinician would have a 68% probability of being correct in not suspecting a patient of possible TOMM failure given an above cut-off performance on DS Age SS.
In contrast, when used in settings where the base rate of negative response bias is lower, we would expect PPVs to decrease and NPVs to increase. For example, using the same DS Age SS score cut-off of 6, but decreasing the base rate of negative response bias to 20%, a clinician would only have a 69% probability of being correct (PPV) in suspecting a patient of TOMM failure (Table 5 ). In terms of NPV, the same clinician would have a higher, 86%, chance of being correct in not suspecting a patient of possible TOMM failure given an above cut-off performance on DS Age SS.
With regard to Reliable DS, choosing a cut-off of 6 maximized sensitivity (25%) and specificity (92%). However, using this cut-off, these values were still inferior to those produced when using a DS Age SS cut-off of 6, which produced a sensitivity of 35% and a specificity 96%. If used in a setting with a low base rate of malingering, a Reliable DS cut-off of 6 produced PPVs in the unacceptable level, falling below 50% (Table 5) . Assuming the measure is to be used in a setting of increased risk for negative response bias, and using a base rate of 41%, improved the PPV to .68 and was associated with a .64 NPV; however, these values were still inferior to those produced by using a DS Age SS cut-off of 6, which was associated with a .86 PPV and a .68 NPV in the same hypothetical setting.
Thus, the results of the current study are consistent with previous research suggesting that DS Age SS is likely preferable for use over Reliable DS as a measure of negative response bias on cognitive testing. While providing supportive data for the use of DS Age SS in a group at high risk of displaying negative response bias, the study results also highlight the need for clinicians to carefully consider the predictive value of such measures in the specific population they serve. The PPV of all of these measures is substantially reduced among populations at low risk for negative response bias on cognitive testing. It should be emphasized that the diagnosis of invalid presentation, especially if malingering is in question, is a clinical judgment that cannot be made on the results of one test alone, but must be made in consideration of other psychometric, behavioral, and collateral data (Slick et al., 1999) .
It should also be noted that evaluating the clinical utility of one symptom validity test by comparing it to another is limited by the validity of the criterion or "gold standard" measure used in the comparison. In this case, the TOMM was used as the gold standard. The finding that the TOMM shows less than a 1% false-positive rate (Gervais, Rohling, Green & Ford, 2004) suggests that, if a person fails the TOMM, she/he can nearly always be correctly classified as someone who is putting forth less than optimal effort. With this in mind, let us consider the group of individuals who failed the TOMM in the current study. Of these 20 individuals, only 7 failed DS Age SS and, even fewer, only 5, failed Reliable DS. Thus, even though DS Age SS may be more sensitive than Reliable DS, DS Age SS still only identified approximately 40% of individuals classified as exhibiting negative response bias by the TOMM. The latter suggests that the DS Age SS is a rather insensitive measure, even when compared with the relatively insensitive TOMM. By some reports, the TOMM has been estimated to identify only one out of three persons exhibiting negative response bias (Gervais et al., 2004) . Therefore, if DS Age SS identifies only 40% of the persons demonstrating negative response bias as detected by the TOMM, then, theoretically speaking, DS Age SS may only identify 13% of all persons exhibiting negative response bias.
Keeping the above limitations in mind, future research should continue to investigate the relationships between cognitive symptom validity tests, such as the TOMM, and embedded indicators of negative response bias, such as DS scores. Whereas the current findings suggest that the WAIS-III DS Age SS is preferable for use over Reliable DS in detecting negative response bias on the TOMM, it remains to be seen whether or not the latter will hold true when using the WAIS-IV. Although the DS forward and backward trials remain essentially unchanged in the WAIS-IV, resulting in comparable Reliable DS scores, an additional "sequencing" task has been added. The sequencing task requires the examinee to listen to a string of numbers and then tell them back to the examiner in order, starting with the lowest number. Scores from that task are summed with scores from DS forward and backward in order to determine the DS Age SS. It is possible that the addition of this task may change the accuracy of DS Age SS in predicting negative response bias on testing. Note: a Traumatic brain injury categorization was based on patient self-report and is of questionable validity.
